Should persons with symptomatic gallstones (i.e., those that have caused biliary pain) be treated immediately? Or may they be managed expectantly until pain recurs or a biliary complication (i.e., acute cholecystitis or pancreatitis) occurs? To assess the mortality risk of different strategies, we performed a quantitative analysis. For the expectant management strategy that requires surgery only if a biliary complication occurs, the cumulative lifetime probability of gallstone disease death in a 30-year-old man is about 2%, and most deaths occur after age 65. In comparison, elective cholecystectomy has only a 0.1% rate of gallstone disease death, but all deaths occur at age 30. The average amount of life expectancy gained by immediate cholecystectomy compared with expectant management is 52 days, which is reduced to 23 days using 5% discounting. Thii gain could be increased only slightly by a 100% effective and riskfree therapy such as perfected lithotripsy or medical dissolution. Results are similar for women. The results suggest that, for persons with symptomatic gallstones, the life expectancy gain of immediate cholecystectomy is relatively small and that the potential incremental gain of nonsurgical therapy is also small. For patients and physicians who believe that life expectancy is of primary consideration, the decision about therapy may be made primarily on non-mortality considerations. Some patients and physicians may decide that the risk of symptomatic gallstones is low enough that a policy of expectant management may be acceptable. Manuscript submitted February 13, 1989 , and accepted in revised form July 12. 1989. S ome authorities recommend cholecystectomy after an episode of biliary pain in persons with gallstones [l-3] ; others suggest that temporizing may be acceptable to see whether biliary pain recurs or whether a biliary complication such as acute cholecystitis occurs [4, 5] . Recent natural history data indicate that, after an episode of biliary pain, the probability of having at least one more episode of pain over the next two years is about 70% [6] ; the probability of biliary complications, however, is substantially lower [6] . Thus, if a patient's primary goal is to avoid further pain episodes, prompt intervention may be chosen. On the other hand, some patients do not want cholecystectomy and may not want (or not be a candidate for) nonsurgical therapy [7- 91. For such a patient, is the likelihood of biliary complications high enough to make expectant management unacceptable? The answer depends in large part on the magnitude of the probability of developing a biliary complication and on the probability of death once a complication has occurred. The purpose of this article is to assess quantitatively the risks of expectant management and the rationale, advantages, and disadvantages of therapeutic alternatives for persons with symptomatic gallstones.
METHODS

Management Alternatives
Three principal management strategies are assessed. One is immediate cholecystectomy after the episode of pain; two different types of expectant management are considered. Nonsurgical therapies are considered in the Comments section.
Strategy A is to perform a cholecystectomy after the episode of biliary pain. This is a commonly recommended strategy [l-3] .
The second strategy is to delay cholecystectomy either until pain recurs or until a biliary complication occurs; in either event, a cholecystectomy is done.
The third strategy is to delay cholecystectomy until a biliary complication occurs; at the time of the complication, a cholecystectomy is done. The difference between this strategy and the previous one is that, in this strategy, recurrent pain may be tolerated by the patient. This strategy has been considered to be possibly acceptable by some authorities [4, 5] . Furthermore, we believe that this strategy has in fact been chosen by many patients with symptomatic gallstone disease [lo] .
The Decision Tree
The structure of the decision tree for this problem is similar to the one we previously described for asymp-tomatic gallstones [ll] . Thus, the same consequences can occur for persons with symptomatic gallstones as for persons with asymptomatic gallstones; the occurrence rates of the consequences are different. Also we have included in this analysis the occurrence of fatal gallbladder cancer.
Probability Values
Rates of occurrence are required for the following clinical events: (1) natural history of symptomatic gallstones (i.e., the yearly rate to develop biliary pain or a biliary complication); (2) the operative mortality rate for elective cholecystectomy at each age; (3) the operative mortality rate at each age for a biliary complication such as acute cholecystitis or common duct stone; (4) the rate to develop gallbladder cancer at each age.
(1) NATURALHISTORYOFPERSONSWITHSYMPTOM-ATIC GALLSTONES: The long-term natural history of symptomatic gallstones is not well known. The shortterm natural history of symptomatic gallstones is well described for the placebo group of the National Cooperative Gallstone Study (NCGS) [6] . We consider the subgroup of persons in the NCGS who had had recent symptoms (i.e., within one year of entry into the study) to be generally representative of persons with biliary pain, and we have used those data in this analysis. Two studies [12, 13] about natural history are less pertinent because the subjects were hospitalized. Other studies provide few data about symptom status at entry [14] or about follow-up results [10, 15] . Only the NCGS [6] provides an actuarial analysis of follow-up.
Using the data from the NCGS, we calculated the short-term natural history of persons with symptomatic gallstones in the following way. Of the 112 persons who had had recent symptoms, 69% developed pain (i.e., biliary colic or prolonged pain) over the next two years, and 6% required cholecystectomy. We assumed that the rate to develop pain did not change during each of those two years. Using life-table techniques, we calculated the rate for pain to be 41% per year and for a biliary complication to be 3% per year.
For the long-term perspective of this analysis, we make an important assumption that the yearly rates to develop pain or a complication remain constant over a patient's lifetime. Uncertainty about this assumption is considered in the Comments section.
(2)OPERATIVE MORTALITY RATES FOR CHOLECYS-TECTOMY: The age-specific operative mortality rates for elective cholecystectomy and for acute biliary complications have been previously described [ll] . For example, the operative mortality rate for elective cholecystectomy in a 30-year-old man is 0.107% and for a 60-year-old man is 1.215%. For cholecystectomy after a biliary complication, the rates are 0.427% and 4.86%, respectively [ 111.
(3) LIFE EXPECTANY:
Life expectancy values were taken from published sources [ll] . Theyearlyratetodevelop gallbladder cancer in persons with gallstones is not well known. A recent cohort study [16] reported a rate of nine cases per 10,000 person-years of follow-up. This rate may be an overestimate because two of the five persons who developed cancer of the gallbladder may have already had cancer at the time they were entered into the study. We are unaware of other cohort data about gallbladder cancer incidence. Using non-cohort data, we have estimated the yearly incidence of gallbladder cancer in the following way. The yearly numbers of deaths from gallbladder cancer for lo-year age groups in the United States were obtained for the years 1983 through 1985 from the NCGS [17] . The total numbers of persons with gallstone disease in each age group were calculated using an estimate of age-specific prevalence of gallstones [18] and the population of the United States in 1980 [19] . Using the first number as the numerator and the second as the denominator and then dividing the numerator by the denominator, the age-specific yearly incidence rates of gallbladder cancer were calculated (Table I) . This method of estimation has limitations. The use of an age-specific cancer incidence presumes that age is of primary importance in determining risk. In fact, the duration of gallstone disease may be more important, but data about duration are unavailable. Further, this estimate does not consider the possibility that cancer risks of symptomatic and silent gallstone disease may differ. Whether the uncertainty about cancer rates is likely to be important is assessed in sensitivity analysis.
Calculations
Calculations were performed on an IBM/PC computer using a Lotus l-2-3 (release 2.01) spreadsheet approximately 70 KB in size. This method, which models a Markov process, provides results identical to those previously reported using a mainframe computer and the language APL [ll] .
The three management strategies were compared by counting the numbers of deaths that would occur each year for hypothetic cohorts of 100,000 persons followed to age 100 from ages 30 years, 50 years, and 70 years. Life expectancy losses were calculated by multiplying the numbers of deaths occurring in each year times the life expectancy for a person at that age. Life expectancy losses were calculated using no discounting and also using a conventional 5% discount rate. Discounting is used to reflect that a year of life lost immediately is valued more highly than the same year of life lost in the future. The base case analysis utilizes our best estimates for natural history and operative mortality. Sensitivity analysis is used to assess the importance of uncertainty about these estimates.
Additional Assumptions 1. A person considered in this analysis has already had biliary pain (i.e., colic) but not a biliary complication. 2. The principal biliary complications of gallstone disease are acute cholecystitis and common duct stone. We do not explicitly consider acute pancreatitis because pancreatitis occurs less frequently [15] and causes fewer gallstone-related deaths [20, 21] .
3. The mortality from acute cholecystitis is entirely due to operative mortality. We believe that this assumption is justified because current policy suggests early operation when a biliary complication occurs [22, 23] . We do not consider explicity the possibility of a biliary complication that receives no operation.
4. In a person who survives cholecystectomy, life expectancy is not decreased compared with that of the general population.
RESULTS
Because the results are similar for men and women, results are presented only for men. Results for 30-year-old men are presented because the differences between strategies are greater than those for older age groups.
Base Case Analysis
The base case analysis results use the best estimate probability values; more extreme estimates of probability values are used in sensitivity analyses.
RISK OF DEATH: Figure 1 and Table II show the numbers and timing of gallstone disease deaths that would occur over a lifetime for 100,000 30-year-old men managed by the three primary strategies. Gallstone disease deaths are those resulting from elective surgery for biliary pain, from urgent surgery for a biliary complication, and from the occurrence of gallbladder cancer. The number of deaths each year is calculated by multiplying the number of persons developing biliary pain, a biliary complication, or biliary cancer times the appropriate operative mortality rate (or by 1.0 in the case of gallbladder cancer). In contrast, for Strategy C (expectant management until a complication occurs) in the base case analysis (3% per year rate to develop a complication), the cumulative lifetime risk of gallstone-disease death is 2.3%. Most of this mortality, however, occurs after age 65; the mortality risk by age 40 is only 0.19% and by age 50 is 0.46%. These results are shown graphically in Figure 2 . Thus, there are 2,259 deaths for 100,000 persons (i.e., a 2.3% lifetime cumulative death rate) managed by Strategy C. For persons whose gallstones are discovered at age 50, the cumulative lifetime risk of death is about twice as high as for a 30-year-old, but because the deaths occur at older ages, the loss of life expectancy is only slightly increased. Table II shows the contribution of gallbladder cancer to total deaths from gallstone disease. Gallbladder cancer may account for as much as 10% of gallstonedisease deaths for persons with symptomatic gallstones using Strategy C.
PRoBABILITYOFCHOLECYSTECTOMY:
Fora30-yearold man, the lifetime probability of having a cholecystectomy is 100% for Strategy A, nearly 100% for Strategy B, and 69% for Strategy C (base case analysis). For Strategy C, 31% of persons die from non-biliary causes without ever having a biliary complication or a cholecystectomy. All cholecystectomies are done electively for Strategy A, whereas 7% of cholecystectomies for Strategy B and 100% for Strategy C are done urgently for complications. All persons in Strategy A have cholecystectomy at age 30, and 95% in Strategy B have cholecystectomy by age 35. For Strategy C, however, the probability of having a cholecystectomy by age 35 is only 14%, by age 40 is 28%, and by age 50 is 46%.
Although the lifetime probability of cholecystectomy for a 30-year-old man choosing Strategy C is high, for persons discovered at older ages to have gallstones, the lifetime probability of cholecystectomy is substantially lower: 48% for a 50-year-old man, and 27% for a 70-year-old man.
LIFE EXPECTANCY: Table III shows There is some uncertainty about the natural history of persons with symptomatic gallstones. Figure 2 shows results for Strategy C for five different natural histories, i.e., rates that are higher and lower than the base case rate to develop a biliary complication. A recent study suggests that the yearly rate to develop a biliary complication in persons with "mildly symptomatic" gallstones may be about 1% per year over 20 years [24] . The results of using this rate can be consid-SYMPTOMATIC GALLSTONE DISEASE / RANSOHOFF AND GRACIE 30 (15) 19 (0) ii; g:i ;: g; 70 (50) 58 (35) 65 (56) 54 (41) 0 Values fn parentheses are calculabons with 5% discountfog. ** Indicates a lossof lffe of 11 days (15 wdh 5% dfscountfng) of lmmedfate cholecystectomy compared wfth no gallstone disease. ered in Figure 2 and in Tables II and III by examining the incidence rates of 1.5% per year and 0.75% per year. Since some autopsy studies have shown that gallbladder cancer may constitute up to 30% to 40% of gallstone-disease deaths [20, 21] , we also performed a sensitivity analysis (not shown) in which gallbladder cancer rates were four times higher than the rates shown in Table I . Life expectancy was reduced by at most one to two weeks compared with the base case analysis.
COMMENTS
The two major reasons for choosing immediate treatment for symptomatic gallstones are to prevent recurrence of biliary pain and to prevent occurrence of biliary complications and death. Without any therapy, the probability of having biliary pain within one year is about 50% [6, 15] and within two years is about 70% [6] . However, even when pain does recur, it tends to be very infrequent [6] . Furthermore, some evidence suggests that the incidence of pain may decrease with time [15] . Whether the recurrence rate of biliary pain is reason enough to warrant preventive treatment depends largely on personal value judgements of patients about the symptoms and inconvenience of biliary pain compared with the possible side effects and inconvenience of a treatment program.
If the main reason to choose therapy is not to prevent pain but rather to prevent gallstone disease death, is expectant management acceptable? The goal would be to delay therapy or to avoid therapy altogether. The acceptability of expectant management depends on the probability and age of death from a biliary complication or gallbladder cancer. It is of interest that the rationale for intervention-whether to prevent pain or to prevent death-is seldom discussed [l-3] . It would seem that different patients might value the two outcomes differently, suggesting that the outcomes should be considered separately.
The results of this analysis are expressed in two ways: as life expectancy (in Tables II and III) and as cumulative risk of death (in Figures 1 and 2) . Individual patients and physicians may interpret these data in somewhat different ways. The principal finding of this analysis is that the mortality risk of a non-aggressive strategy, Strategy C (expectant management until a complication occurs), is of modest size in terms of life expectancy. In contrast, the cumulative risk of death of about 2% may be considered high by some patients, but it must be considered that the deaths that occur are, for the most part, at older ages.
Although immediate cholecystectomy does cause a gain in life expectancy compared with Strategy C, the gain is small. Perhaps surprisingly, there would be only a slight further gain from a nonsurgical therapy, such as lithotripsy or medical dissolution, that might someday be perfected so as to be completely, immediately, and permanently effective and to have no associated mortality. The life expectancy resulting from this ideal therapy would be the same as for a person who has no gallstones. The life expectancy of a person with no gallstones is, as shown in Table III , only slightly greater than for a person choosing prompt cholecystectomy.
One disadvantage of Strategy C is that expectant management may simply delay an operation that will ultimately be required and that will, at a later time, be associated with a higher mortality rate. The probability of needing an operation depends on the duration of risk (i.e., the age when gallstones are discovered) and on the yearly rate to develop a complication. Thus, a 30-year-old man discovered to have symptomatic gallstones has a 69% chance of ultimately needing an operation, while a man whose symptomatic gallstones are discovered at age 50 has a 48% chance, and a man whose symptomatic gallstones are discovered at age 70 has a 27% chance. Lastly, if natural history is more benign than we have used (i.e., less than a 3% per year risk of complication), the chance of operation would further decrease.
An important perspective gained from this analysis is that the primary clinical feature that drives the decision about therapy is the mortality risk of expectant management. The safety of therapy appears to be a relatively minor issue because elective cholecystectomy, the current standard therapy, is already very safe; in comparison, nonsurgical therapy can improve survival time, as just shown, only slightly. The mortality risks from expectant management may be considered by some persons to be small, but they are not trivial. Thus, an effective, inexpensive, and permanent nonsurgical intervention would have an appeal to patients and physicians.
A practical clinical question is whether the mortality risk of expectant management will be considered by patients to be high enough to warrant an intervention. The magnitude is perhaps a 2% risk of death over a lifetime, but deaths occur mostly at older ages and cause a relatively modest loss of life expectancy. The decision about intervention to prevent this mortality will be determined in part by the risks and disadvantages of the intervention. The risks of elective surgery are generally known. Currently available nonsurgical therapies appear to be relatively safe for those patients who are candidates. One disadvantage of currently available nonsurgical therapies is that months of adjuvant chemical dissolution therapy may be required. More important is that gallstones may recur after dissolution in about 50% of persons after five years, and it is not yet known whether all such stones need to be detected and retreated. A requirement of follow-up monitoring and retreatment would be a disadvantage of nonsurgical therapy. Lastly, the costs for both medical dissolution therapy and lithotripsy are not insubstantial.
Whether the gains from nonsurgical therapy are worth the inconvenience and cost will be determined as a personal choice by patients. The magnitude of life expectancy gain for immediate treatment of symptomatic gallstones may be considered small in comparison with the gain of interventions in coronary disease, which may be measured in years [25] . Thus, until an inexpensive and very convenient nonsurgical therapy is available, we speculate that some patients may decide that the choice is a toss-up [26] and that expectant management is an acceptable choice.
There is some reason to believe that many patients may choose a compromise strategy of using expectant management for a trial period in order to assess their own biliary pain pattern [10, 15] (i.e., the frequency and timing of subsequent biliary pain). In such a strategy, therapy would be chosen if the pain episodes became frequent or severe enough. This strategy, which is between strategies B and C in terms of aggressiveness, will have a mortality that is higher than for B but lower than for C. To model this strategy in an explicit way is not meaningful, we believe, because there is so much variability in patient choice. Nevertheless, we believe the current analysis can provide useful information for a patient who wishes to try such a strategy. For example, a 30-year-old man who tries the strategy for five years would risk about 0.1% chance of dying (i.e., the total number of deaths indicated in Figure 1 for Strategy C over five years), plus a 0.1% chance of operative death if an elective cholecystectomy were then done after five years.
It is important to consider that the results of the base case analysis for Strategy C are obtained under somewhat pessimistic assumptions about natural history that disfavor that strategy in our analysis. Thus, the complication rate that we have used-the 3% per year rate to develop a biliary complication-does not decrease over time. There is substantial uncertainty about the natural history of persons with symptomatic gallstones. Long-term follow-up is not available from the NCGS [6] . In another study about natural history [15] , the incidence of biliary pain was approximately 50% in the first year, as in the NCGS; however, after 10 years of follow-up, 29% of persons had remained symptom-free. Recently published long-term data suggest a 1% per year rate to develop a complication [24] .
The uncertainty about natural history deserves additional comment. This analysis is relatively insensitive to the yearly rate of biliary complications as long as the rate neither increases nor decreases substantially over time. Perhaps surprisingly we found that even an unusually high yearly complication rate--IO% compared with the base case yearly complication rate of 3%-actually decreases the case mortality rate, and it causes only slightly more life expectancy loss. The explanation for this counterintuitive finding is that there are two counterbalancing forces that affect life expectancy when the natural history is ominous. The increased yearly rate of complications causes an increased number of deaths in early years. However, because more cholecystectomies are done in early years, fewer persons are at risk to have biliary complications in later years, hence reducing the number of biliary deaths in later years. There are at least two theoretic scenarios in which natural history would have a great impact on the results and on the choice of management. If the course were benign initially and ominous in later years, immediate intervention would be strongly favored. Currently, there is no evidence to suggest that any subgroup of persons has such a natural history. Conversely, if the course were to become very benign in later years, expectant management would be favored.
This analysis is sensitive to the operative mortality rates after a biliary complication has occurred. If the operative mortality rates for an acute biliary complication were twice as high as those rates used in the base case analysis, then the life expectancy gain of immediate intervention would be approximately twice as great as shown in Table III . We believe, however, that such high operative mortality rates are unlikely to occur in most settings. The rates used in the base case were derived from sources that reflect the experience of a large number of institutions and are in quite close agreement with one another [ll] . Persons with an especially high operative risk for mortality with a biliary complication, such as persons with cardiac disease, might consider prompt nonsurgical intervention with symptomatic stones.
We appreciate that mortality risk is the only one of the considerations in a patient's and physician's decision about therapy. Other important considerations include morbidity from biliary pain or complications, as well as the morbidity and inconvenience of therapy. We believe that many of these features are subtle and complex and cannot meaningfully be considered in a quantitative analysis such as this. We have focused on mortality and described mortality risk in terms of both life expectancy and lifetime mortality rates. Our goal has been to dissect out the importance of mortality risk, which we believe many patients and physicians will consider the single most important feature of the decision. The main message of this analysis is that mortality risk, at least in terms of life expectancy, need not dominate the decision about therapy. SYMPTOMATIC GALLSTONE DISEASE / RANSOHOFF AND GRACIE
We have not provided a detailed consideration of cost for several reasons. We believe that the effect of uncertainty about natural history on the occurrence rates and timing of complications and death are most important to patients. Cost considerations are more important to society than to an individual patient, whose perspective we have taken here. Further, it is likely that the costs of currently available nonsurgical therapies, many of which are now experimental and in short supply, will decrease in the future because of technical improvements and competition. If that should happen, a major consideration in decisionmaking will be the magnitude of clinical benefit that can be derived from prompt intervention, which is what we have considered here.
We believe that these results may provide information that is useful for clinical practice. These results suggest that the mortality risk of expectant management in persons who have had biliary pain is relatively modest in terms of life expectancy. We believe that decisions about therapy may be elective and unhurried. And, although patient and physician preference in this matter remain to be assessed, we speculate that some patients and physicians will agree with the suggestion that symptomatic gallstones may be considered a "chronic disease" [4] that should receive intervention when a biliary complication occurs or when symptoms become sufficiently bothersome to the patient.
